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HEW SOVIET 20-KV CATHODE-RAY OSCILLOSCOPE 


A. M. Dubinin, Cand Tech Sci 
V. I. Levitov, Engr 
VEI (All-Union Electrical Engineering Institute 

iraeni Lenin) 


. «u Th ? 1TX t development, of cathode-ray oscilloscopes with hot. cathodes 
ln^ the last 10 - 15 years has made possible extensive application of this meas- 
uring instrument in various fields of power and radio engineering. The great 
recording speeds of oscilloscopes with powerful cathode-ray tubes permits the 
study of processes with a duration of the order of 10-2-10-9 seconds. 


The equipping oi our scientific research and plant laboratories with 
these instruments is contributing greatly to more rapid solution of many sci 
entitle and technical problems. 


Cathode-Ray Oscilloscope Circuit. 


For cathode-ray oscilloscopes intended to record signals of ver^ short 
duration, the most important elements in a circuit are the switching elements 
which energl.ee and synchronies different parts of the control circuit. Before 
designing the circuit , therefore, it is necessary to solve the principal profc- 
ien — the fc y? e of switching elements which should be used. At present there 
are two main solutions : (a) i he use of spark relays and (b) the use of thyra- 

trons . 


The basic characteristics which determine the choice of a switching ele- 
ment are pickup time and stability of operation. By stability wc* mean that"* 
t.he time of operation remains conrUmt, irrespective of external conditions or 
v.’ithin certain limits, of th rt amplitude, form, and duration of the rojitro' 1 
pulses acting on the switching element. 
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^The next few paragraphs discuss the relative instability of spark relays, 
due to changes in atmospheric temperature, pressure, and humidity as well as 
to overheating and recurrent contamination of the electrodes during operation . 
Thyratrons are shown to have advantages in their relative stability and trouble- 

free operation^/ 

The best available thyratron for the purpose is type TG-2050, filled with 
inert gas. This thyratron will operate, when the cutoff bias is normal, if a 
positive pulse with an amplitude of 25-30 v is applied to the grid. As shown 
by our experiments, pulses with amplitudes of 200-250 v, i.e., a tenfold over- 
voltage, can be used on the thyratron. This is very favorable for reducing 
the firing time, which for a TG-2050 thyratron is not over 3*10“° seconds, and 
is highly stable, thus permitting a high degree of accuracy in synchronizing 
the different circuits in the oscilloscope . The accuracy of this synchroniza- 
tion is illustrated by the oscillogram in Figure 1 ^see appended figuresY in 
which a single pulse of 0.15 secs duration was taken on the same film.”* (These 
and the following oscillograms were taken by the oscilloscope described in 
this article.) 

The circuit controlling the cathode-ray oscilloscope is shown in Figure 2. 
Its main components are: (l) the pulse-converting circuit, (2) the beam-block- 
ing circuit, (3) the time-base circuit, (h) the power supply for the cathode- 
ray tube, and (5) the calibration circuit. 

The pul3e -converting circuit, is switched in the control circuit so that 
the oscilloscope may be started by an external pulse of any polarity. 

The order of circuit operations is as follows: The external pulse acts 
on the pulse-converting circuit, which actuates the beam-blocking circuit and 
the time-base circuit simultaneously, WTien these circuits are in operation, 
a cathode ray appears, and its deflection in the time direction starts simul- 
taneously. 

Converter Circuit for External Pulses 

To secure definite synchronization of the beam-blocking and time -base cir- 
cuits, the converter circuit must generate a pulse with a very steep front and 
a definite duration whicn is independent of the form and duration of the exter- 
nal pulse . 

When a positive pulse is supplied by an external source, it serves to cut 
off thyrnton still further and causes thyratron 12 to conduct. The capaci- 

t ' or discharged through the resistor H20 a .nd a positive pulse with a steep 

front lr> fed through capacitors C^j, and C ;.q into the circuit - 

When a negative pulse is delivered, thyratron begins to conduct, be- 
cause its cathode potential becomes negative with respect to the grid potential. 
Capacitor discharges through resistor R^q and a positive pulse is delivered 
to the grid oi thyratron !.c, allowing it to conduct. Thereafter, the process 
continues as described above. 

To make it possible to record periodic oscil.lations and <.ero lines, push 
button K was provided for starting the oscilloscope. When push button K is de- 
pressed, capacitor C5 discharges through the winding of relay HP, closing its 
contact. Capacitor Cjo 15 charged through the relay contacts and resistor R 2 £ 
from capacitor Cy up to a positive potential which causes thyratron Li to con- 
duct, and the circuit operates in the same manner as when a negative pulse is 
fed in. 1*. 
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Beam -Blocking Circuit 

To prevent burning the screen and exposing the photosensitive emulsion to 
light before the beginning and after the end of recording, the beam must appear 
on the screen only while the oscillogram is being recorded. The beam is cut 
off in a cathode-ray tube by means of a negative bias (with respect to the cath- 
ode) applied to the tube modulator. To initiate a beam, a positive pulse of 
a definite form and duration must be fed into the modulator . The beam-blocking 
circuit also functions to generate such pulses. 

The pulse which, initiates the beam should be as close to a square wave as 
possible to ensure constant clarity of the record over the entire screen. An- 
other important requirement is simplicity and accuracy of control over the 
duration of the initiating pulse. The quality of the oscillogram depends 
largely on accuracy in controlling the pulse duration. In the course of design- 
ing the cathode-ray oscilloscope circuit, we tried many types of beam-blocking 
circuits. However, they did not satisfy either of the above requirements. 
Therefore, we developed in the laboratory the unique beam-blocking circuit 
shown in Figure 2 , which gave satisfactory results. 

The synchronizing pulse is fed through dividing condenser C^q to the grid 
of thyraton L5 and fires it. When the thyratron conducts, capacitor C]^ begins 
to discharge through resistor R55; a very steep-fronted positive pulse, initiat- 
ing the beam, is fed into the modulator through the small resistor R51 and the 
dividing condenser * The time constant of the front, determined as the prod- 
uct C will be considerably less than the firing time of the thyratron 
(Cak = ^w«fd). The pulse-amplitude decay is determined principally by the 

values of resistor Rc^ and capacitor Ci v ^. The magnitude of R55 is selected so 
as to maintain, within the limits of the full sweep, an approximately constant 
pulse amplitude. Moreover , resistor R55 must ensure the flow through thyra- 
tron Lg of a current sufficient to sustain a stable discharge in it. The func- 
tion of thyratron L ^ is to block the beam. Until the circuit has operated, 
this thyratron is cut off by the negative bias fed to the grid through the high 
resistance R50. The bias is kept sufficiently stable by means of the small 
capacitor 

When thyratron L,. fires, the capacitor C39 begins to charge through resis- 
tance R52 an ° dividing condenser C3&. When the capacitor C39 is charged 
to the voltage value which allows thyratron to conduct, the pulse is cut 
off in the modulator and the beam is clocked. Resistor R^ serves to limit 
the current across tbe thyratron when the wave is cut off. Varying the magni- 
tude of the resistor makes it possible to control the cutoff time of the 
pulse fed tc the modulator over a wide range. Resistor determines the 
minimum length of the pulse vnen is at a minimum. The '"'operation of the 
circuit is illustrated by the oscillograms in Figure 3, a, b, and c, which 
show pulses of various durations . 

The Time-Base Circuit 


The circuit which produces the time displacement is one of the most im- 
portant components of the control circuit of a cathode-ray oscilloscope. In 
selecting this circuit, the following conditions were imposed, (l) uniformity 
of beam motion on the screen (iinear sweep); ( 2 ) symmetry of 3weep-vcltage 
variations to avoid distortion of the picture and defocus ing of the beam; 

(3) limits for regulating the sweep duration of 0.1 to 100 psec or more; 

( 1 *) all tubes used Ln the circuit must be Soviet-produced. 

Under these- conditions the circuit selected gave complete satisfaction. 


RESTRICTED 


Approved For Release 2003/09/03 


CIA-RDP80-00809A000700220080-4 



Approved For Release 2003/09/03 : CIA-RDP80-00809A000700220080-4 

25X1 

RESTRICTED 


The principle of the operation of this circuit is graphically illustrated 
by the schematic diagram in Figure b, in which the beam tetrode Lb is replaced 
by the switch K and the variable resistance R. The capacitor Ci> dividing ca- 
pacitors C 2 , and the deflecting-plate capacitance Cdp are charged from the volt- 
age divider through resistor R? . The positions of the sliding contacts in the 
divider are selected in such a manner that the plate potentials will he equal 
to +U/2 on the right and -U/2 on the left, that is, symmetrically with respect 
to the last plate of the cathode-ray tube (ground). With such tv- ,entiale, the 
beam is deflected to the edge of the screen. The total voltage applied ,o capa- 
citor C-l equals 2U. 

Resistors R^ and R^ are sufficiently large to isolate the rapid sweep proc- 
ess from the voltage divider and the other components of the circuit. Capaci- 
tors C 2 are large enough so that their charge cannot vary by any appreciable 
amount during the sweep. 

When switch K is closed, capacitor discharges through the nonlinear 
reBistor R 1? thus ensuring the linearity of the sweep. During discharge, the 
potentials of the capacitor plates approach their mean value (zero) with a 
definite speed, which depends on the capacitance value. The plate potentials 
of capacitors C 2 follow these changes, and since their charge does not vary 
during the sweep, the potentials of the time-base plates also follow these 
variations. As a result, the plate potentials change their signs, that is, 
the voltage is reversed, causing a deflection of the beam to the opposite edge 
of the screen. 

In the actual circuit (see Figure 2), the components K and R are replaced 
by the tube Lj t , which ensures a practically linear variation in voltage when 
the capacitor discharges. To keep the discharge from the sweep capacitor 
constant, the voltage applied to the control grid of tube L.^ , causing it to 
conduct, must remain constant with respect to the varying potential of its 
cathode during the sweep. Therefore, thyratron is included in the circuit. 
Through this thyratron (during firing), a positive potential is applied to the 
control grid of L}* from the large capacitor , one of whose plates is con- 
nected to the cathodr . 

The circuit is activated by feeding a synchronizing pulse to the control 
grid of the thyratron. The choice of the type of pentode or beam tetrode in- 
stalled is extremely important, since th. tube must keep the discharge cur- 
rent constant to obtain an even sweep, and this current (saturation current) 
must be sufficient to provide rapid sweeps. Many tubes were teBted in the 
laboratory, and operating conditions were selected for each tube to produce 
the highest possiole saturation current of sufficient constancy. 

The oscillogram (see Figure c ; } snows graphically the operation of several 
tubes for the sweep circuit, (recording sinusoidal oscillations with a period 
t - 0.3 (<socs for various tubes in the circuit and for the same capacitance 
value of the circuit). A t>?i beam tetrode, which is quite sensitive to small 
changes in capacitance, was :hosen for the circuit. This tube was selected 
because of its widespread u**e and ease of replacement. 

To calculate the values of the capacitors Co] t - C*^ used far varying the 
degree of cvnep. it was necessary to know the value of the saturation current 
of tube '*?•< . For this purpose, an oscillogram of voltage during operation 
(sec Figure *•) was taken. This osci llogram also illustrates the linearity of 
the sweep. 

At a given saturation current; v "-he discharge current of capacitors -- 

-C- ( ) , the value of trie capacitance for a given length of sweep t is deter- 
mined as it where i is the saturation current; t is the duration of 
CT « 

u 


RESTRICTED 


Approved For Release 2003/09/03 : CIA-RDP80-00809A000700220080-4 




Approved For Release 2003/09/03 : CIA-RDP80-00809A000700220080-4 


25X1 


RESTRICTED 


» -2™ IS -e ZSiZ StTT^-i’JSS- 1 f^Z aJa rs-. 

ZSS of • S»— screen (the 

the table bale,, Ior tls 1“ JiSTTfS U " 


t in 
C in 


f* sec 

(U fd 


1,000 

0.55 


100 

0.055 


10 

0.0055 


1 

55*10-5 


0.1 

55*10 


-6 


by the h : s cuSrarin1igu-e S r'ecordLf^^^ 8 , 1 ^ StageS is «>^™ed 

T=7.8 sec when the S If' ‘ *he ! inUSOldal oscillations with a period 

# £ a. 


tie..'” 2|, 8 2e“ “ P 2 I t”rt e ab2. 1 ”?;,2 1 r 1 " 1 r elV * ■*“ --P *»•- 

of the main capacitance must equal ' 5 S «*<fd I? ls™vidl!nt f th 1 £ SeC ^ Value 
eary to include an additional capacitor >n Till * 6 that 11 ls unnes - 

ioternai capacitance of the circuit is ueuaU.v ^ this trlT.^ ’ ^ **" 

Consequently, to obtain^^Ceeo of "^l^ei capacitanca of a 6p 3 equals S-S^fd. 

of S less ^ Tto 

higher-speed sweep/more^uH^ r^ST^SS"* . 

made it possiblelo'lover the !°?irf Uy successful arrangement of the parts 
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Power Supply for the Cathode -Ray Tube 
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Construction of the Cathode -Ray Oscilloscope 

(The cathode -ray tube was designed and built at the All Union Electrical 
Engineering Institute (VSI) by Senior Scientific Associate G. M. Topchiyev.) 

An external view of the oscilloscope is shown in Figure 8. The screen of the 
horizontally-mounted cathode -ray tube is located at the upper central part of 
the cabinet. The screen diameter is 130 mm. Knobs for beam control are placed 
on the left and right of the front panel. Somewhat lower, sliding support is 
provided for attaching a camera Furthermore, a special device is provided for 
photographic recording. Attached to the cathode-ray tube screen, it is shaped 
like a tube, is fitted with a camera for film 6 cm in width, and has an fl2 lens 
built in . 

Mounted on the lower, inclined panel are the switches for the filament and 
power transformers, the rheostat for voltage regulation, and the other controls. 

The oscilloscope is mounted or. a base of steel tubing. 

Each of the circuits discussed above is mounted as a separate unit in the 
oscilloscope cabinet and can be easily removed to facilitate assembly and re- 
placement of parts This arrangement also ensures dependable shielding of the 
circuits. The units are so ax'ranged with respect to one another that the cir- 
cuits can be connected with short wires wherever necessary, for example, be- 
tween the sweep circuit and the time-deflection plutes, between the bean-block- 
ing circuit and the tube modulator, or between the circuit to be studied and 
the signal plates of the cathode-ray tube. 

Recording Speed of the Cathode-Hay Oscilloscope 

Maximum recording speed if extremely important, since it determines the 
field of the oscilloscope’s application. By maximum speed we mean the highest 
velocity of motion of the beam, for which a photosensitive emulsion will hold 
an impression sufficiently dark, to be usable after development. The amount 
of darkening It; the film Is determined r>y means of a microphotometer . The mini- 
mum admit; sable degree if darkening is assumed to be equal to 0.1. 

The maximum speed car. be determined by taking an oscillograph of sinu- 
soidal oscillations with a known frequency according to the formula v—AStrf, 
where A is the umr) itu-e and f is the frequency of tne occ Illations . 

/The intervening paragraph- discus ft the disadvantages of determining maxi- 
mum recording .-speed through use of an o.-cillograni of oscillations in a line 
which in connected dire fly to trie plates of the cathode-ray oscilloscope^/ 

Taking an os .* il Digram cf the .. ir.usoiual oscillations of a vacuum-tube 
oscillator is a simple and reliable method of determining the maximum record- 
ing speed. In thin . a. e it ir. en.'.\ to determine the oscillation frequency by 
meanr- of -. wavt-met:; . selected a vacuum-tube oscillator with a frequency 

of up Ij ’CO ,V to dot.i-.rmi n*.- tht* Imum recording speeu of the cathode -ray 
oscilloscope . The frequency vur ieterminea by means of r. ;7-3 w-.-vemoter . 

The oscillogram in figure v rev.. ires oscillations wit:. -'requ-ricy of 
f =r. ;>c Me (T =* ' . pv-ec ) , umpll bade .. - o ;ir, (tt;e 0 GCillcgir.ni ir, figure. . 
c.nd 10 are on u n. : • ile; .. Le > . The recording u^ed, determined according tc> 

this oscillograph is: 

'1*00 curves wore plotted or; a 1:1 scale with the uid of an f/- lens on a film 
with a sensitivity of AJ arid i j ^Kirter and Driffield/ . 
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As we know, to compare the recording speeds of different oscillographs, 
the recording speed must be corrected for an f/2 lens. This corrected speed 
is determined by the formula 


(1:F ) 

or v cor = 6.280*4 — 25,120 km/aec. 

This oscillogram illustrates the power of the time-base circuit. One os- 
cillation period T= 0.02 fu- sec takes up a 40-mm section of the screen. Thus, 
for the whole screen (120 mm) the sweep is equal to 0.06 sec . 

The oscillogram in Figure io shows sinusoidal oscillations with a fre- 
quency f*= 100 Me (T — 0.01) and an amplitude A = 2.5 cm. The recording Bpeed, 
determined according to this oscillogram, amounts to: 

v = 2 tt- 100.10 6 -2,5-10* 5 = 15,700 km/sec. 

Correction for the normal f/l lens gives: 

v c or = ^3,000 tan /sec 



Figure 1 
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